The hypothesis of an ''ethnic density effect'' proposes that people from ethnic minorities residing in areas where they form a greater proportion of the population have better health than ethnic minority residents in areas of lower ethnic concentration (1, 2) . This is supported by several (but not all) studies in the United States and Europe which suggest that an increasing proportion of persons of the same ethnicity as oneself (co-ethnics) in an area is associated with lower rates of psychosis, suicide, common mental disorders, psychiatric admissions, self-rated poor health, and mortality for ethnic minority groups (2, (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . However, findings are mixed, and several other studies have found no association or even statistically significantly elevated levels of self-rated poor health, infant and adult mortality, hypertension, and chronic conditions, among other outcomes (14) (15) (16) (17) (18) (19) (20) .
There are several possible explanations as to why increasing ethnic density may be protective for the health of ethnic minorities. First, ethnic minorities may experience reduced exposure to racism in more ethnically dense areas (21, 22) . Second, greater numbers of co-ethnics may provide more proximal and appropriate social support (22) . Greater levels of social support and higher-quality social support benefit health (23, 24) . Third, ethnic density may modify the relation between racism and health, since increased levels of support may enable the victim to deal more effectively with racist events (21) . Fourth, behavioral norms which promote health may be more prevalent in ethnically dense areas. Discrepancies in study findings may be explained in several ways, including the health outcome studied, the national context, the size of the area used in the analysis, and differences in the operationalization of ethnic density. Here we focus on the latter and explore alternative ways of operationalizing ethnic density and its relation to health.
Measures of ethnic density are commonly taken from population census data, where information on ethnicity/race is collected using self-classification and then aggregated to some geographic unit. This is then linked with health data to explore the relation between ethnic density and health. There are limitations in measuring ethnicity and ethnic density in this way. The challenges of categorizing race and ethnicity have been highlighted (25) , and it is acknowledged that a predefined set of categories cannot truly reflect population diversity and individual perceptions of ethnic identity (26) (27) (28) . Self-identification of ethnicity does not necessarily coincide with observer identification (29) . However, when studies exploring the ethnic density effect use aggregates of each resident's self-reported ethnicity, there is an underlying assumption that this category adequately captures shared affiliation with an ethnically defined identity. In other words, a single measure of the ethnic density for each ethnic group is calculated for a given area, and it is assumed that the aggregation of these self-classifications yields a socially meaningful construct.
Another way of assessing ethnic density is to ask people what proportion of residents in their area are co-ethnics. Such a measure of perceived ethnic density may reflect a person's experience of frequency and intensity of contact with co-ethnics. We propose that the same processes link measured and perceived ethnic density to health but that perceived ethnic density may capture the relevant processes more accurately, for 2 reasons. Residents' experience of neighbors and neighborhood social interactions may be incorporated into the perceived ethnic density measure more effectively. Additionally, perceived ethnic density has the advantage of not being limited to prescribed areal boundaries. A person-specific (and arguably more relevant) neighborhood boundary is referred to in the measure of perceived ethnic density.
Our aims in this study were to 1) explore the agreement between perceived and measured ethnic density, 2) explore the bivariate relations between perceived or measured ethnic density and health, and 3) examine their independent and joint relations with health.
MATERIALS AND METHODS

Study population
We used data from the 2005 Home Office Citizenship Survey (HOCS) (30, 31) . The survey consists of a core representative sample of the general adult population of England and Wales comprising 10,000 persons and an ethnic minority boost sample of 4,000 persons. Multistage sampling was used to select primary sampling units (PSUs), addresses, up to 3 households per address, and finally 1 adult aged 16 years or more per household. PSUs were Census Area Statistics wards, created by the United Kingdom Office for National Statistics to provide stable, nondisclosive areas for census outputs. For the core sample, a random sample of 663 PSUs was selected, stratified by proportion of the population from each ethnic minority group to achieve a range of ethnic densities (<1% (93 PSUs), 1%-18% (456 PSUs), and >18% (114 PSUs)), government office region, proportion of households headed by someone in a nonmanual occupation, and proportion of unemployed males. For the ethnic minority boost sample, a random sample of 699 PSUs was selected for screening. This included the same high-and medium-ethnic-density PSUs as for the core sample above, plus an extra 150 PSUs of high ethnic density. If any household member at a screened address was from an ethnic minority group, 1 was randomly selected for inclusion. Response rates were 63% for the core sample and 61% for the ethnic boost sample.
We linked data from the 2001 United Kingdom Census to the 2005 HOCS in order to obtain information on measured ethnic density (32) .
Measures
Measured ethnic density was calculated from 2001 United Kingdom Census data for each area as the number of residents in an ethnic group in the area divided by the total population of the area, in line with other studies (2, 3, 5-9, 12-15, 21) . This was done separately for whites (with the numerator including all people who classified themselves as white British, white Irish, or other white), Indians, Pakistanis, Bangladeshis, black Caribbeans, and black Africans. Residents of mixed ethnicity were excluded from the numerators. Middle Super Output Areas were used to define area boundaries. These areas were created as part of the United Kingdom 2001 census project to fit within higher geographic units and to optimize internal social homogeneity and compactness. They have an average population of 7,200 and represent the lowest level of disaggregation that was permissible for this project, given identifiability constraints. Permission to link the 2001 census data on ethnicity with the 2005 HOCS data was granted by the ethics committee of the data holder (the National Centre for Social Research), with the constraint that 5% random error be added to each ethnic density variable; this resulted in a correlation between the perturbed and original variables of 0.975.
Perceived ethnic density was captured in the HOCS by asking, ''Now thinking about people in this local area (15/20 minutes' walking distance), what proportion of all the people in this local area are of the same ethnic group as you?'' Possible responses were ''all the same,'' ''more than half,'' ''about half,'' and ''less than half.'' As far as we are aware, perceived ethnic density has not been investigated previously.
Health was evaluated in the HOCS using a question that asked respondents whether they had a long-standing illness, disability, or infirmity and whether it limited their daily activities in any way. Previous work suggests that this outcome (limiting long-term illness) is more strongly associated with physical limitations in activity and less influenced by mental and social well-being (33) . While not ideal, limiting long-term illness was the only health measure included in the 2005 HOCS, is one of the most common measures of chronic ill health, is frequently used as a morbidity index in national health surveys, and predicts mortality and healthservice utilization (34).
Respondent's ethnicity was measured as a self-reported variable. Ethnicity was categorized as white, Indian, Pakistani, Bangladeshi, black Caribbean, or black African, according to the same categories as used in the 2001 United Kingdom Census. Other ethnic groups covered too few respondents to be considered in the analyses presented here.
Other factors used in the analysis included age, sex, socioeconomic position, and area deprivation. Respondent's socioeconomic position was measured using the National Statistics Socio-economic Classification. Socioeconomic position was grouped into 4 occupational categories (higher/ lower managerial; intermediate/small employer; lower supervisory/semiroutine; routine) plus 3 other categories (never worked; full-time student; not classified). Area deprivation was characterized in deciles of the 2004 Index of Multiple Deprivation summary score (35) .
Statistical analysis
From a total of 14,081 participants, 1,363 were excluded because they belonged to an ethnic group with insufficient numbers for analysis (Asian other than Indian, Pakistani, or Bangladeshi; black other than Caribbean or African; Chinese; or other ethnic group), 54 were excluded because of missing health data, and 94 were excluded because of missing data on perceived ethnic density, leaving 12,570 participants for analysis who resided in 1,416 Middle Super Output Areas. Descriptive statistics were weighted to account for nonresponse of eligible participants, since each had a known probability of selection (described fully on pages 21-37 of the 2005 Home Office Citizenship Survey Technical Report (36)). Spearman's rank correlation coefficient for the correlation between self-perceived ethnic density and measured ethnic density was calculated as an indicator of agreement between the alternative measures.
The relations of limiting long-term illness to perceived and measured ethnic density were investigated using singlelevel logistic regression with robust variance estimates (to correct for nonindependence due to geographic clustering). Multilevel models were not used because intra-area clustering was small and not statistically significant. Models were fitted for all ethnic minorities combined and separately for each ethnic group and were built sequentially to produce estimates of the relation between limiting long-term illness and 1) perceived ethnic density, 2) measured ethnic density, 3) mutually adjusted perceived and measured ethnic density, and 4) the interaction of perceived and measured ethnic density. All models included age, sex, socioeconomic group, and area deprivation. The third model indicated which of the ethnic density variables was most strongly related to limiting long-term illness. The fourth tested for effect modificationthat is, whether the association between perceived ethnic density and limiting long-term illness varied according to level of measured ethnic density. Measured ethnic density was included in the models in 2 ways. It was categorized using 4 ethnic-group-specific cutoff points that have been used previously (21) ; it was also analyzed as a continuous variable. Analyses were undertaken with Stata 9 (Stata Corporation, College Station, Texas).
RESULTS
White participants tended to be older and to occupy higher socioeconomic positions (Table 1) . Pakistanis, Bangladeshis, and Caribbeans had the poorest health. Fewer than 20% of white participants but more than 70% of ethnic minority participants (and more than 85% of Caribbeans and Africans) reported living in an area where half or less than half of the residents were from the same ethnic group. Levels of measured ethnic density based on the 2001 United Kingdom Census confirmed this, with no study areas having a concentration of more than 45% Caribbean or African residents.
Age and sex for all participants and socioeconomic position for whites were not associated with perceived or measured ethnic density (P > 0.1). Ethnic minorities in lower socioeconomic positions were more likely to live in areas of higher measured or perceived ethnic density ( Figure 1 ). Area deprivation and ethnic density were positively related, such that higher levels of both perceived and measured ethnic density were found in more deprived areas (Table 2) .
For all ethnic groups, perceived and measured ethnic densities were positively correlated (Table 3) . For whites, measured ethnic density was higher than self-perceived ethnic density. Other ethnic groups tended to overestimate their own ethnic density. For example, the median ethnic density for Pakistanis reporting that they lived in an area which was more than half Pakistani was measured as 23%. In other words, high levels of perceived ethnic density coincided with higher levels of measured ethnic density, but perceived ethnic density underestimated measured levels among whites and overestimated measured levels among other ethnic groups.
After adjustment for age, sex, socioeconomic position, area deprivation, and measured ethnic density, there was a tendency for participants who perceived greater ethnic density in their area to report less limiting long-term illness (Table 4) . This was true across all ethnic groups except Caribbeans, although it was statistically significant only for whites and Bangladeshis.
Measured ethnic density as a linear term was significantly and positively associated with limiting long-term illness for whites and Bangladeshis, and a nonsignificant positive association was seen for all minorities combined, after adjustment for age, sex, socioeconomic position, area deprivation, and perceived ethnic density (Table 5 ). However, the odds ratios for categories of measured ethnic density suggested possible protective associations for measured ethnic density for Indians, so this linear estimate may have been driven by higher risk at very high ethnic densities. Measured ethnic density was significantly associated with a lower odds ratio for limiting long-term illness among Caribbeans (in the fully adjusted model, odds ratio ¼ 0.39, 95% confidence interval: 0.16, 0.94). There was no evidence of an interaction between perceived and measured ethnic density. In other words, the relation between perceived ethnic density and limiting long-term illness was the same at all levels of measured ethnic density for all ethnic minorities combined and for whites.
DISCUSSION
Perceived ethnic density was generally associated with a lower likelihood of limiting long-term illness. This protective association was seen for all ethnic groups; the magnitudes of the effect were similar across ethnic groups, but the effect was statistically significant only for whites. This lack of statistical significance may be due to small numbers of ethnic minorities living in areas of higher perceived ethnic density, especially since the odds ratios were similar in magnitude for whites and ethnic minorities. The HOCS is one of the largest surveys of ethnic minorities in the United Kingdom, and this lack of exposure to higher levels of ethnic density reflects the spatial patterning in the United Kingdom rather than the sampling design (37) .
Measured ethnic density, on the other hand, was associated with a trend towards increased odds of limiting long-term illness for 5 of the 6 ethnic groups (although statistically significantly so only for whites and Bangladeshis). However, there was evidence of a protective association for measured ethnic density among Caribbeans. Reasons for this difference for Caribbeans are not known. We considered the possibility that the relation between measured ethnic density and limiting illness is curvilinear and that Caribbeans occupy a different part of the curve than other ethnic groups. There was no evidence to support this; the relation between measured ethnic density and limiting illness appeared to be qualitatively different for Caribbeans at each level of ethnic density, though the confidence intervals for each point were wide. c Cutoffs: Whites-75%, 90%, 95%, and 97.5%; Indians, Pakistanis, and Bangladeshis-1%, 10%, 20%, and 40%; Caribbeans and Africans-0.5%, 5%, 10%, and 20%.
Broadly speaking, the existing literature shows with reasonable consistency that measured ethnic density is inversely associated with psychiatric morbidity (2-5, 8, 9, 11, 12) . For physical health outcomes the findings are more mixed, with some studies finding an association in the protective direction (6, 7, 10, 13) and others finding that greater ethnic density is associated with greater risk of mortality, self-rated poor health, and low birth weight (15, 16, (18) (19) (20) . There are several possible explanations for the failure to find a protective association between measured ethnic density and limiting long-term illness.
Ethnic density may be protective for certain health outcomes and not protective for the types of illness typically captured by limiting long-term illness items. Residual confounding by deprivation may be another explanation for the lack of association between measured ethnic density and limiting long-term illness. Ethnic minority density is positively correlated with population density, social housing, unemployment, dilapidation, and social disorder and negatively correlated with rates of car ownership and central heating (38) (39) (40) (41) . It is possible that increases in measured ethnic density are picking up some of this increased Figure 1 . Individual socioeconomic position for ethnic minority participants in the Home Office Citizenship Survey, United Kingdom, 2005. A) Selfperceived ethnic density (perceived density of persons of one's own ethnicity in one's area of residence). Stripes, >50% of same ethnicity; white, approximately 50% of same ethnicity; black, <50% of same ethnicity. B) Measured ethnic density (measured density, at the Middle Super Output Area level, of persons of the same ethnicity as the respondent in the respondent's area of residence). Indians, Pakistanis, and Bangladeshis: stripes, <1%; white, <10%; black, <20%; dots, <40%; checkerboard, 40%. Caribbeans and Africans: stripes, <0.5%; white, <5%; black, <10%; dots, <20%; checkerboard, 20%.
deprivation, despite the inclusion of Index of Multiple Deprivation score in the regression model. However, higher measured ethnic density was also associated with limiting long-term illness for whites. This is surprising, because the proportion of whites in an area is usually negatively correlated with deprivation and disorder.
Another possible explanation is that the areal unit is not an appropriate neighborhood boundary because it does not relate well to people's movements and social interactions. This would mean that exposure to racism and level of social support-2 mechanisms potentially linking ethnic density to health-do not relate to ethnic density at this geographic level. A final possibility is that measured ethnic density is inaccurate because of difficulties in measuring ethnicity using predefined categories by questionnaire. Even given the widest set of possible categorizations of ethnicity at the data collection stage, the researcher typically groups together possibly heterogeneous categories for analytical purposes. Alternatively, the researcher may exclude relevant ethnic groups from the calculation of the numerator.
In contrast, perceived ethnic density was more consistently associated with lower odds of limiting long-term illness. As far as we are aware, perceived ethnic density has not previously been explored as a possible determinant of health. The fact that it showed associations in the protective direction counters some of the suggested explanations for a lack of association between measured ethnic density and limiting long-term illness listed above. In particular, since we find perceived ethnic density to be associated with limiting long-term illness, our findings suggest that it is not the outcome of interest that is inappropriate (though we acknowledge that limiting long-term illness is not an ideal measure, lacking detail and not shedding light on biologic, behavioral, or psychological pathways from ethnic density to health). Our findings also indicate that the lack of association for measured ethnic density cannot be explained by a failure to sample areas with the highest levels of ethnic density. The same areas and participants were considered in the analysis of both measured and perceived ethnic density.
On the other hand, the findings give credence to 2 other suggested explanations. Perceived ethnic density does not suffer from 2 limitations of measured ethnic density: namely, that the Middle Super Output Area is not an appropriate boundary which respects residents' actual experiences and everyday lives in their neighborhood and that predefined categories of ethnicity are inaccurate reflections of diverse cultural and social characteristics of different ethnic groups. Since perceived ethnic density is not constrained by arbitrary boundaries, it may reflect proportions of co-ethnics in the respondent's lived neighborhood more accurately. Furthermore, since ethnic grouping based on predefined categories is not used to create perceived ethnic density, errors of misclassification and inappropriate combinations of categories are not created. This does not mean that the respondent can define people's ethnicity more accurately than a survey in any objective sense; rather, it means that the respondent defines other people's ethnicity as relevant to his or her own ethnic identity. Respondents' definitions may be tapping into some of the sociorelational health-enhancing aspects of residence among co-ethnics, including increased social support and social capital (2, (42) (43) (44) (45) and development of positive roles (42) . This remains to be further explored in additional research. In future work, investigators might also identify the determinants of high perceived ethnic density and the predictors of discrepancy between perceived and measured ethnic density, focusing on both area-and individual-level factors.
Important caveats must be considered. Primary among these is the calculation of measured ethnic density at the Middle Super Output Area level only. It is plausible that perceived ethnic density relates to a lower level of geography which is more relevant for identifying a protective effect of ethnic density. Replication at a finer scale was not possible because of concerns over participant identifiability. Previous studies have found significant protective effects of measured ethnic density at this level (5) and for similar-sized electoral wards (2, 4, 8, 9, 46) and census tracts (7, 13) , but none have investigated smaller areas. In addition, measured ethnic density was perturbed to further preserve confidentiality. This introduces additional random error and reduces the precision of the estimates but does not bias them. Data on alternative health indicators were not collected in the 2005 HOCS. Perceived and measured ethnic density might relate differently to other health outcomes. In this cross-sectional study, it was impossible to assess the direction of causality. However, we would expect selective migration to sort healthy people into relatively less deprived areas. Since area deprivation is positively correlated with proportion white, this cannot explain the associations seen here (except for white participants). Residual confounding by individual characteristics remains a possibility. Among ethnic minority participants, perceived and measured ethnic density were associated with socioeconomic position; and although differences were modest, socioeconomic factors are important determinants of health.
One methodological challenge relates to the optimal categorization of ethnic density. Measured ethnic density was captured and analyzed on a continuous scale, but the shape of the association (if it exists) between ethnic density and health, and whether this shape varies across ethnic groups, remains to be described. To explore nonlinear effects, we alternatively modeled measured ethnic density as a categorical variable. The ethnicity-specific cutoffs used here maximized the number of participants at each level and provided some comparability across ethnic groups. The first 4 categories for South Asians (covering densities of 0%-40%) overlapped with the 5 categories for blacks (0%-23% for Caribbeans and 0%-42% for Africans). With this degree of overlap, there was evidence of a protective association only for Caribbeans. This might suggest that alternative specifications for the cutoffs would not materially alter the conclusions of the study, though it is not possible to investigate this further in these data because of the lack of areas with very high ethnic minority densities.
To summarize, with the exception of Caribbeans, persons who perceived their local area to contain a greater proportion of people of the same ethnic background as themselves tended to be less likely to have a limiting long-term illness, adjusting for demographic and socioeconomic factors and measured ethnic density. In contrast, residence in an area with a higher measured ethnic density was not protective, except for Caribbeans. In future studies exploring the impact of ethnic density on health, investigators may consider including subjective measures of exposure, which may capture the strength of ethnic identification and which has not been studied before now. This study highlights the difficulties involved in capturing the social and cultural aspects of ethnic identity using predefined categories in surveys and in capturing collective social phenomena using data aggregated to administrative areas.
